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Abstract
Many members of the public and important stakeholders operating at the upper end of the
food chain, may be unfamiliar with how food is produced, including within modern animal
production systems. The intensification of production is becoming increasingly common in
modern farming. However, intensive systems are particularly susceptible to production dis-
eases, with potentially negative consequences for farm animal welfare (FAW). Previous
research has demonstrated that the public are concerned about FAW, yet there has been lit-
tle research into attitudes towards production diseases, and their approval of interventions
to reduce these. This research explores the public’s attitudes towards, and preferences for,
FAW interventions in five European countries (Finland, Germany, Poland, Spain and the
UK). An online survey was conducted for broilers (n = 789), layers (n = 790) and pigs (n =
751). Data were analysed by means of Kruskal-Wallis ANOVA, exploratory factor analysis
and structural equation modelling. The results suggest that the public have concerns regard-
ing intensive production systems, in relation to FAW, naturalness and the use of antibiotics.
The most preferred interventions were the most “proactive” interventions, namely improved
housing and hygiene measures. The least preferred interventions were medicine-based,
which raised humane animal care and food safety concerns amongst respondents. The
results highlighted the influence of the identified concerns, perceived risks and benefits on
attitudes and subsequent behavioural intention, and the importance of supply chain stake-
holders addressing these concerns in the subsequent communications with the public.
Introduction
Consumers and the public are important stakeholders within the food chain. However, in gen-
eral, the public knows little about modern animal production systems [1, 2], including inten-
sive systems, which are increasingly used in modern farming. Intensification of livestock
farming is, in general, considered as changes in the production system leading to more output
being obtained per unit of input used. Intensive production systems represent a change
towards more confined animal production systems, whereby animals are kept and raised
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within fewer production units, with a large increase in the number of animals within these
units i.e. an increased stocking density [3]. Intensification can influence factors such as stock-
ing density, group size and management practices applied on the farm, such as nutrition of
animals, characteristics of housing and hygienic practices.
In this study, we have considered intensity from the perspective of production diseases in
pig and poultry production systems. Production diseases usually originate from a complex
interaction of pathogens present on farms, and other factors, which contribute to the disease
but do not cause it. Such factors include, inter alia, animal genetics and the environment in
which the animal is reared (e.g. housing, feed and management practices). Although produc-
tion diseases occur in all types of production systems, the frequency and scale of disease can
increase with the intensity of the production system used [4], with evidence to suggest that
larger farms and increased stocking density can lead to reduced welfare, which in turn can
negatively impact animal health and increase medication use [5]. Animal health and farm ani-
mal welfare (FAW) can be affected adversely, depending on the frequency and scale of disease
[6]. Furthermore, this may generate production inefficiencies which affect profitability [7],
through reduced growth and feed conversion ratios [6]. In pig production, for instance, herd
size is considered as a risk factor for respiratory diseases in pigs [8, 9], although few studies
have found no such associations between herd size and respiratory disease (inter alia [9]). In
pig production, increased stocking density has been associated with the risk of respiratory dis-
eases (e.g. [8, 9]), tail biting (e.g. [10]) and lameness in sows (e.g. [11]). By contrast, some other
diseases such as postpartum dysgalactia syndrome in sow herds (e.g. [12]) or piglet mortality
(e.g. [13, 14]) are more related to management and housing factors. Intensive production sys-
tems may have different approach to animal diseases when compared to extensive systems. On
one hand, intensification can increase animals’ stress and the disease pressure they face. On
the other hand, intensive production systems are often well-controlled, and measures are
taken to control animal health. For instance, biosecurity measures tend to be applied more fre-
quently in large than in small herds (e.g. [15, 16]). There is evidence that the prevalence of dif-
ferent diseases are linked with each other as well as with the level of biosecurity applied on the
farm [17].
Growing societal concern about farming practices [18, 19] has been linked to animal and
human wellbeing [20, 21], with poor FAW being linked to consumer concerns over product
safety [22] and human and animal health [23]. Conversely, higher welfare systems are per-
ceived as guaranteeing safer and healthier products [24, 25]. While some consumers appear
appreciative of the quality and safety guaranteed by these systems, a number express concerns
in relation to the management practices and associated management and welfare standards
applied [20]. For example, studies have identified societal concerns in relation to antibiotic use
in animal production [26–28]. Antibiotics usage can be considered as a proxy for the preva-
lence of production diseases [29], and may be used unnecessarily [30]. Consequently, some
consumers are willing to pay premiums for animal-based products to improve FAW, to ensure
food safety and reduce the risks they perceive to be associated with intensive animal produc-
tion, including in relation to animal health, welfare and antibiotic usage [31]. It should be
noted that concerns associated with FAW and intensive production do not always correspond
to purchase and consumption practices, with sales of higher welfare products lower than
reported levels of concern [1]. This indicates a potential discrepancy between an individual’s
role as a citizen and as a consumer [20, 32], with individuals expressing different concerns in
different contexts. For example, an individual in their role as a consumer may like to purchase
and eat meat, and appreciate lower prices, but in their role as a citizen have concerns over how
animals involved in food production are raised. This apparent conflict, or citizen-consumer
duality, may partly explain the weak link often observed between attitudes and behaviour [33],
Consumers and production diseases
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or the distinctions between the stated attitudes of citizens and observable consumer
behaviours.
There is, however, a research gap regarding both citizen and consumer concerns regarding
the impacts of animal production diseases, and how this affects consumers’ intention to pur-
chase products from intensive animal production systems. In addition, little is known about
consumer attitudes towards interventions to reduce disease prevalence and health impacts, as
well as negative effects on FAW [19, 31]. These concerns, linked to public perception of risk,
benefit, and ethical concerns, may represent a barrier to the societal acceptance of the
increased use of intensive animal production systems. As societal responses may act as a bar-
rier to their long-term use and application [34, 35], understanding concerns, perceptions, atti-
tudes and intentions is therefore essential for providing acceptable animal products for
consumers. A greater understanding of citizen concerns will also enable the development of
“bespoke” communication strategies tailored to the needs of different groups of consumers
[36] and citizens, which, in turn, will act to maintain and increase societal trust in organisa-
tions and institutions throughout the supply chain under consideration, and potentially pro-
mote societal trust in food chain actors more generally [37].
To develop an understanding of how concerns over production diseases in animal pro-
duction systems relate to consumer’s behavioural intention, there is a need to understand
the psychological processes behind these. Several theoretical frameworks have been used to
predict attitudes, including the link between attitude and behaviour, including for example the
Theory of Planned Behaviour (TPB) [38]. Numerous studies have utilised measures derived
from the TPB to pre-validate variables, and these have been used to successfully identify atti-
tudes as a reliable predictor of behavioural intention [38–40]. Behavioural intention as in
relation to food choices [41–43], including animal-friendly foods [44]. In addition, specific fac-
tors have been shown may determine attitudes towards an object or behaviour, including per-
ceptions of risks and benefits associated with the topic in question [43], and associated
concerns. A number of concerns have been identified in relation to FAW and intensive pro-
duction systems including those related to humane treatment, naturalness and perceived risks
in relation to antibiotic usage, and associated food safety issues [19]. In addition, socio-demo-
graphic and socio-economic factors including gender, age, income and education also have
influence and have been shown to impact perceptions of risks, benefits and FAW [19, 31, 45,
46].
As the public, including consumers of animal products, are unfamiliar with modern animal
production systems and approaches, it is unlikely that they will be familiar with production
diseases and the different mitigation strategies proposed. As a consequence, they rely on
knowledge from others, with trust in supply chain stakeholders having previously been shown
to be an important factor in relation to both FAW and perceptions of risks [37]. Previous
research has highlighted that consumers view higher FAW as an additional cue that products
are safe and of high quality, with perceived “naturalness” linked to production equating to
good welfare [2, 19]. An examination of the associations between these factors, intensive pro-
duction systems and production diseases would therefore seem important.
Based on the evidence presented above, this study aimed to identify the predictive relation-
ship between perceived risks, perceived benefits, concerns, intervention preferences, familiar-
ity and trust influence and predict, attitudes towards production diseases in intensive
production systems, and ultimately, the way these are reflected in consumers’ behavioural
intention towards purchasing and consuming products from these systems. Moreover, the
relationship between these variables and the acceptance of interventions which aim to control
production diseases was examined.
Consumers and production diseases
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Methods
Hypotheses
This research tested the following hypotheses, outlining the relationship between concerns,
perceived risks and benefits over intensive production, including production diseases, atti-
tudes and behavioural intention (see Fig 1):
H1: Greater concern about animal production diseases will increase the perceived risks associ-
ated with intensive animal production systems.
H2: Greater concern about animal production diseases will lead to less favourable attitudes
towards intensive animal production systems.
H3 Greater concern about animal production diseases will decrease the perceived benefits
associated with intensive animal production systems.
H4: Perceived risks associated with intensive animal production systems will negatively influ-
ence attitudes towards these systems.
H5: Perceived benefits associated with intensive animal production systems will positively
influence attitudes towards these systems.
H6: A positive attitude towards intensive animal production systems will lead to a positive
behavioural intention towards products produced using these systems.
Survey design
The design of the questionnaire was informed by the existing consumer attitude and behaviour
literature, and used adapted versions of previously validated measurement scales (see also
[43]). Questions were adapted to make them specific to the context of intensive animal pro-
duction and production diseases (see [19, 31]). Additional questions were included to address
Intensive 
Production 
Concerns
Perceived 
Benefit
Attitude
Behavioural 
Intention
H6H2
Perceived 
Risk
4H1H
H3
H5
Fig 1. Hypotheses to be tested in the research.
https://doi.org/10.1371/journal.pone.0210432.g001
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the a priori hypotheses (Fig 1), existing research gaps, and to confirm findings [19, 31]. A full
overview of the rationale behind the inclusion of each item can be found in Appendix A in S1
File (Table A in S1 File). Semantic differential and Likert scales were used, as these represent
the preferred methodological approach to measuring attitudes, perceived risks and perceived
benefits (see inter alia [47]), and which enables a quantitative analysis to be conducted. These
scales are typically constructed from multiple items thought to be reflective of the attitudinal
construct of interest. In total, seven scales were developed; 1) perceived benefit associated with
intensive animal production, 2) perceived risks associated with intensive animal production, 3)
attitudes towards intensive production systems, 4) trust in food chain stakeholders, 5) attitudes
towards interventions to treat and prevent production diseases, 6) concerns related to intensive
animal production systems and 7) behavioural intention towards products from intensive animal
production systems.
According to industry stakeholders, both reactive and proactive intervention measures
exist to combat production diseases within intensive systems [48]. The survey included both
types of measures. However, given how unfamiliar the public are with modern farming meth-
ods [18, 49], only generic interventions were included to maintain comprehensibility, and a
definition of production diseases was provided to participants, which was ‘Production diseases
usually originate from a complex interaction of the viruses and bacteria which are present on
farms, animal genetics and the environment in which the animal is reared, including the charac-
teristics of housing, feed and management practices used. They differ from epidemic diseases
(such as foot and mouth disease or avian influenza) which are caused by new infections from out-
side the farm’. Interventions included were consistent with [48]. The descriptions of these
interventions were adapted to make them less technical following the pilot study, with the
revised phrasing checked by academic and industry experts. A full list of the interventions pre-
sented can be found in the section “Intervention preferences”.
Three separate versions of the survey instrument were created, for pigs, layer hens and
broiler chickens. The content varied only in relation to the particular interventions associated
with each animal type, and the wording of questions made them specific to each. These farm
animals were chosen because they are frequently, and increasingly, reared in intensive produc-
tion systems[50], due to their relatively short reproduction cycles, high feed conversion ratios
[51], and grain based diets [52]. This is particularly the case in the developed world where
intensive production is prioritised to take advantage of the high feed inputs to optimize feed
conversion ratios [50]. Furthermore, the research project this paper stems from was only cov-
ering pigs and poultry.
The survey instrument was developed in English and piloted using 45 participants in the
UK and, following translation and back translation into and from Finnish, in Finland. Follow-
ing feedback, changes were made to provide definitions, such as ‘intensive production sys-
tems’. The revised survey was then translated into German, Polish and Spanish, and
subsequently back-translated to check for translation accuracy and to ensure consistency in
the specification of the constructs. A copy of each survey is included in Appendix B in S1 File.
Sampling and distribution
The survey received ethical approval from Newcastle University’s faculty of Science, Agricul-
ture and Engineering ethics committee before commencing data collection (reference number
BH1241898). The survey was distributed in five geographically representative EU countries. A
purposeful quota sampling technique was used to obtain samples representing citizens in each
of the five countries surveyed (Finland, Germany, Poland, Spain and the UK), based on gender
and age quotas to ensure as representative sample as possible in relation to each country’s
Consumers and production diseases
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population. Respondents came from a panel of the social research agency Qualtrics. All ques-
tionnaires were distributed online through Qualtrics, between 10th March and 10th April 2017.
Data analysis
Data analysis was conducted in SPSS version 20 [53] and R [54]. Comparisons of participant
responses between countries were then conducted using the Chi square test and Kruskal Wallis
test for categorical and Likert scale data respectively. As the Shapiro-Wilk test for normality
indicated that none of the variables had a normal distribution, the Kruskal Wallis test was used
to check for significant differences between countries regarding household size and number of
children. All tests were carried out with the null hypothesis that there was no significant differ-
ence between countries, at the 5% significance level.
Exploratory factor analysis (EFA) was conducted using SPSS [53], and was used as a data
reduction technique to group the different questions asked into a much smaller number of
latent variables for subsequent analysis. Principle factor extraction, which makes no distribu-
tional assumptions [55], was used due to the non-normal distribution of the variables
included. Varimax (orthogonal) and direct-oblimin (oblique) rotations were used in the data
analysis in order to compare solutions and examine correlation between the factors identified.
In total, 145 variables from the pigs’ survey and 146 variables from the broilers and layers sur-
veys were included in the EFA. i.e. Q4-Q10, Q13, and Q16 (see Appendix B in S1 File) were
analysed. Only these questions were included in the EFA due to their theoretically relevant
potential explanatory power. All questions were five-point Likert scales, anchored from one to
five (strongly disagree to strongly agree) for all questions excluding Q7, where the semantic
differential scale was anchored in seven different attitudinal pairs (Unpleasant/ pleasant; bad/
good; worthless/ valuable, useless/ useful, unsafe/ safe and unethical/ ethical).
To confirm whether the data were suitable for factor analysis, several checks were per-
formed: inspection of the correlation matrix and the anti-image matrix, the Kaiser-Meyer-
Olkin (KMO; [56]) test for sampling adequacy, Bartlett’s test of sphericity and assessment of
the determinant. The correlation matrix was inspected to check for multicollinearity and sin-
gularity in the data, and to assess whether variables were correlated. The criteria for deciding
how many factors to include were based on the Kaiser criterion: all factors with an eigenvalue
greater than one were retained [57], together with the use of a scree plot [58]. Only items with
a factor loading greater than 0.4 were retained. Although a smaller loading cut-off can be used
for larger samples, as for this sample, using a cut-off of 0.4 facilitates interpretation, and
enables the inclusion of items which share a greater proportion of variance with the factor
[59]. The face validity of the factors was also assessed by evaluating which items had loaded
onto each factor. The internal consistency of each returned factor was assessed using Cron-
bach’s alpha [60]. Non-refined factor scores were created by calculating the average score for
each item which loaded onto a factor.
Structural equation modelling (SEM) was conducted using the Lavaan and semTools pack-
ages [61, 62], using the maximum likelihood approach, applying a two-step process [63]. Sepa-
rate models were created for each of the three animal production systems, due to the different
intervention questions used. The measurement model describes the relationships between the
latent variables included in the analysis, and their observed indicators. In this instance, the
structure of the latent variables included in the model was based on the results of the explor-
atory factor analysis. Identification was ensured by fixing all factor loadings to one, and having
at least three indicators on all factors. This was followed by the full structural model, including
the causal dependencies between constructs, based on the findings from the two systematic
reviews [19, 31], and of the hypotheses generated (Fig 1).
Consumers and production diseases
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Overall model fit statistics and significance tests were generated for each path within the
model. Several indices of model fit were used to examine the model, including the Tucker-
Lewis Index (TLI), Comparative Fit Index (CFI), Root Mean Squared Error of Approximation
(RMSEA) and Standardised Root Mean Squared Residual (SRMR) and Chi-square. A good fit-
ting model should have RMSEA below 0.05, TFI above 0.9, CFI above 0.9 and SRMR below
0.08 and a non-significant Chi-square test (p>0.05) [64, 65].
The model was built by adding in the latent variables step-by-step based on the hypotheses
(Fig 1), i.e. beginning with the attitude-pro-consumption relationship (attitude-behavioural
intention to consume products from intensive animal production systems). All first item load-
ings on each factor were constrained to one. Modification indices (MI) were checked at each
stage and made iteratively to establish whether correlation between residuals was needed, as
indicated first by a high MI and second by whether it was theoretically justifiable.
Once the final model was confirmed, multi-group analysis (MSEM) was performed to
assess differences across countries. MSEM works by testing for degrees of invariance or mea-
surement equivalency across groups [59]. This establishes the moderating effect of the vari-
ables by comparing a series of models, starting from an unrestricted baseline model (model 1)
against several increasingly restricted models [66]. Models 2, 3, and 4 have an increasing num-
ber of parameters restricted. If there are no differences in the model fit indices for the unre-
stricted model and the various restricted models, then this indicates that the parameters in
measurement and structural components of the theoretical model are equivalent (i.e. invari-
ant) across the sub-groups being compared, and that mean differences can, therefore, be
attributed to these variables [59]. Absence of measurement invariance therefore indicates that
there is no clear basis for drawing inferences from the model [67]. In the study reported here,
the increasingly restricted models are as follows:
• Baseline/ configural invariance (model 1): measurement equivalence model with equal load-
ings of latent variables on factors similar across sub-groups. Factor items are constrained to
be 1 with the other parameters being freely estimated;
• Metric/ weak invariance (model 2): this included model 1 constraints and factor loadings
constrained across groups. This enables comparison of the relationships between the latent
variables across groups. If this is rejected it means that the factor structure across groups is
not the same [59, 68];
• Scaler/ strong invariance (model 3): this included model 2 constraints and the intercepts are
constrained across groups. This enables comparisons of the means of the latent variables
across groups as it indicates that group differences are not from an unrelated bias [68];
• Strict invariance (model 4): this included model 3 constraints and equal factor means; and
• Fully constrained: this included model 4 constraints and equal residuals (i.e. fully
constrained).
Results
Sample statistics
Descriptive characteristics. Sample characteristics for each of the three surveys are pre-
sented in Tables B-D in S1 File (Appendix C in S1 File), with sample sizes of 789, 790 and 751
for broilers, layers and pigs respectively, resulting in 2,330 total responses. They are, in general,
representative of national adult populations based on gender and age, albeit with some under-
representation of the higher age group, a limitation of the online approach used. The sample
Consumers and production diseases
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populations in Poland and Spain had a lower proportion of respondents in the top income cat-
egories, reflective of the lower average incomes in these countries compared with the other
study countries. Most respondents indicated that they were omnivores, with few respondents
being vegan or vegetarian (all less than 4% and 11% respectively). Germany, Finland and the
UK had the highest proportion of vegetarians.
General views on intensive systems. Three quarters of respondents in all countries were
unfamiliar with modern farming practices (Table E of Appendix C in S1 File), i.e. they had nei-
ther lived nor worked on farms, and did not have friends or family involved with farming.
Most respondents (range 51.6% - 88.5% answering no to the presented communications chan-
nels) had not heard anything about production diseases from any of the information sources
mentioned in the survey, including television (57.3%, 51.6% and 58.1% responding no for lay-
ers, broilers and pigs), and the internet (64.2%, 62.1% and 66.7% responding no for layers,
broilers and pigs), with these being the two sources from which their most relevant informa-
tion was obtained.
The mean scores in relation to six attitudinal questions averaged three or less (Table 1), cor-
responding to the negative half of each scale, for all three intensive production systems (pigs,
layers, and broilers) considered. Therefore, the majority of respondents viewed these systems
unfavourably. Attitudes varied by country (Tables F-H of Appendix C in S1 File). For example,
respondents in Germany rated intensive systems more unfavourably than respondents in
other countries, especially in relation to them being ‘unpleasant’, ‘bad’ and ‘unethical’, with
them having the lowest total scores and the only mean scores averaging less than three.
In relation to current purchasing behaviour (Table I of Appendix C in S1 File), most
respondents were either unsure whether they purchased foods produced by intensive animal
production systems or stated that they did not (strongly disagree/ disagree/ neither agree nor
disagree; 67.4% layers, 64.3% broilers, 66.7% pigs). As the majority of such food purchases will
have come from intensive systems, this divergence could be due to respondents being uncer-
tain about how the food they purchase has been produced. In terms of food purchase inten-
tions, the majority of respondents indicated that they were unlikely to consider purchasing
foods from intensive animal production systems (strongly agree/agree; 70.1% layers, 69.4%
broilers, 68.9% pigs). However, they also stated that they did not plan to reduce their consump-
tion of, or avoid purchasing products from these systems. This varied between countries in
relation to this (Table I of Appendix C in S1 File).
Table 1. Attitudes citizens towards intensive animal production systems for laying hens, broilers and pigs from 5 EU countries (mean rank on a linear scale: 1 to
5 ± SD).
I feel intensive animal production systems are . . . Layers
(n = 790)
Broilers
(n = 789)
Pigs
(n = 751)
Unpleasant (1)/pleasant (5) 2.22 ± 1.04��� 2.09 ± 1.03�� 2.18 ± 1.06��
Bad (1)/good (5) 2.44 ± 1.05��� 2.32 ± 1.05��� 2.43 ± 1.04���
Worthless (1)/valuable (5) 3.06 ± 1.08��� 2.72 ± 1.05��� 2.76 ± 1.03���
Useless (1)/useful (5) 3.06 ± 1.08��� 3.06 ± 1.11��� 3.09 ± 1.06���
Unsafe (1)/safe (5) 2.64 ± 1.07�� 2.63 ± 1.08��� 2.65 ± 1.08���
Unethical (1)/ethical (5) 2.17 ± 1.04��� 2.12 ± 1.06��� 2.23 ± 1.10���
���p<0.001
�� p<0.01
�p<0.05 indicates significant differences between countries for each attitudinal factor obtained by using a Chi-square test. Some scores have been reversed from their
initial presentation in the survey (Appendix A in S1 File) to provide consistency for analysis.
https://doi.org/10.1371/journal.pone.0210432.t001
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Despite their negative attitudes towards intensive production systems, resulting in a lack of
perceived benefits, just over half of our respondents perceived themselves as being concerned
about FAW (strongly agree/agree; 59.7% layers, 57.7% broilers, 57.5% pigs), or intensive pro-
duction systems (strongly agree/agree; 51.5% layers, 53.4% broilers, 51.5% pigs).
When asked which stakeholders could be trusted to provide them with accurate informa-
tion on production diseases, veterinarians, animal health authorities, animal welfare organisa-
tions, quality assurance schemes and consumer organisations received the highest mean scores
for trust (Table J of Appendix C in S1 File). Stakeholders further down the supply chain, such
as animal transporters, received lower mean scores for trust.
In general, there were perceived to be few benefits associated with any of the intensive ani-
mal production systems considered (Tables 2–4), with the majority of statements receiving
average scores at the lower end of the Likert scale (i.e. less than 3), indicating that the listed fac-
tors were not perceived as benefits. In most countries the most likely risks arising from these
production systems were perceived to be increased animal stress and an unnatural production
method. The main benefits perceived by participants were perceived to be greater protection
for animals (from predators and bad weather), economic benefits (i.e. cheaper and more cost-
efficient products) and increased animal product availability for consumers, as indicated by
their higher mean scores.
Although the level of agreement for specific concerns differed between countries (Table K
of Appendix C in S1 File), the greatest concerns were common across the five countries. These
Table 2. Risk and benefit perceptions of respondents in the five study countries regarding intensive broiler chicken systems (mean response on a linear scale 1
(strongly disagree) to 5 (strongly agree) ± SD; n = 789).
Perceived as a benefit Perceived as a risk
More cost-efficient production method 3.63 ± 1.06 Increased animal stress 3.99 ± 1.03 ���
Cheaper food of animal origin 3.58 ± 1.14 An unnatural production method 3.82 ± 1.07
Increased availability of animal based products 3.56 ± 1.08 Increased incidence of animal diseases 3.71 ± 1.02
Greater protection from predators 3.42 ± 1.12 Reduced nutritional quality of food 3.64 ± 1.05
Greater protection from bad weather 3.41 ± 1.13 ��� Compromised FAW monitoring 3.64 ± 1.04
Benefits to agriculture 3.16 ± 1.64 Reduced human food quality 3.60 ± 1.05
More professionally run farms 3.04 ± 1.15 Decreased consumer trust in food 3.59 ± 1.04
Benefits to consumers 3.01 ± 1.18 Reduced human food safety 3.54 ± 1.06
Faster treatment of animal diseases 2.96 ± 1.22 Negative effects on consumer health 3.54 ± 1.05
Benefits to the environment 2.94 ± 1.15 An unsustainable approach to animal production 3.46 ± 1.09
Benefits to you personally 2.91 ± 1.26 Slower treatment of animal diseases 3.44 ± 1.06
Improved human food safety 2.89 ± 1.24 Risks to consumers 3.38 ± 1.06
Benefits to your family 2.88 ± 1.23 Risks to your family 3.36 ± 1.06
Improved FAW monitoring 2.84 ± 1.27 Risks to you personally 3.34 ± 1.06
A more sustainable approach to animal production 2.80 ± 1.21 Risks to the environment 3.27 ± 1.00
Increased consumer trust in food 2.78 ± 1.24 Risks to agriculture 3.24 ± 1.05 ���
Improved human food quality 2.77 ± 1.28 Less professionally run farms 3.05 ± 1.11 ���
Improved consumer health 2.77 ± 1.26 Less protection from predators 2.85 ± 1.10
Improved nutritional quality of food 2.72 ± 1.27 More expensive food of animal origin 2.76 ± 1.10
Reduced incidence of animal diseases 2.71 ± 1.29 Decreased availability of animal based foods 2.75 ± 1.10
A natural production method 2.54 ± 1.32 Non-cost efficient production method 2.74 ± 1.12
Reduced animal stress 2.49 ± 1.32 Less protection from bad weather 2.74 ± 1.10
��� = p<0.002 Bonferroni adjusted p value, for Wilcoxon signed rank tests. Comparisons were made between each statement and the subsequent statement when
ranked by mean score.
https://doi.org/10.1371/journal.pone.0210432.t002
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related to the impacts of intensive production systems on human health, i.e. food safety and
preventative antibiotic use, particularly antibiotic residues in food and antibiotic resistance as a
result of the use of antibiotics in animals (all averaging 4 (agree) across general, human and
animal focused concerns). The use of medicines to treat animal diseases was associated with
less concern than their preventative use. In the cases of layer hens and pigs, respondents from
some countries also indicated greater concerns associated with the impacts of animal diseases
on animal welfare. In contrast, there were generally lower levels of concern expressed about
the use of proactive and preventative health measures, such as vaccination and probiotic use
(averaging 3.5 (neither agree nor disagree/agree or less; Table K of Appendix C in S1 File),
with the exclusion of the preventative use of antibiotics.
Intervention preferences. Tables 5–7 and Tables L-N in S1 File (Appendix C in S1 File)
show the acceptability, to respondents, of different interventions to control production dis-
eases in intensive broiler chicken, layer hen and pig systems. Significant differences existed
between countries for most interventions. Doing nothing was consistently unacceptable to the
majority of respondents, followed by the preventative use of veterinary drugs, and the difference
between these two interventions was significant across all animal types. The results suggest
that respondents generally accept, or are unsure, about the different preventative measures,
but are less accepting of “reactive” treatments such as medical intervention, except where these
address the main concerns identified in General views on intensive systems. The low level of
acceptability of the use of veterinary drugs may be related to the perceived risk of antimicrobial
Table 3. Risk and benefit perceptions of respondents in the five study countries regarding intensive layer hen production systems (mean response on a linear scale
1 (strongly disagree) to 5 (strongly agree) ± SD; n = 790).
Perceived as a benefit Perceived as a risk
More cost-efficient production method 3.59 ± 1.11 Increased animal stress 3.96 ± 1.00
Cheaper food of animal origin 3.58 ± 1.10 An unnatural production method 3.82 ± 1.04
Increased availability of animal based products 3.52 ± 1.05 Increased incidence of animal diseases 3.74 ± 1.03
Greater protection from bad weather 3.43 ± 1.06 Compromised FAW monitoring 3.64 ± 1.05
Greater protection from predators 3.41 ± 1.08 ��� Reduced human food quality 3.61 ± 1.07
Benefits to agriculture 3.16 ± 1.12 Reduced nutritional quality of food 3.59 ± 1.07
More professionally run farms 3.07 ± 1.14 Decreased consumer trust in food 3.53 ± 1.05
Benefits to consumers 3.06 ± 1.18 Reduced human food safety 3.52 ± 1.06
Faster treatment of animal diseases 2.97 ± 1.19 An unsustainable approach to animal production 3.50 ± 1.07
Benefits to your family 2.90 ± 1.19 Negative effects on consumer health 3.50 ± 1.05
Benefits to the environment 2.90 ± 1.16 Slower treatment of animal diseases 3.43 ± 1.07
Benefits to you personally 2.89 ± 1.19 Risks to the environment 3.36 ± 1.01
Improved FAW monitoring 2.87 ± 1.24 Risks to consumers 3.33 ± 1.10
Improved human food safety 2.87 ± 1.20 Risks to your family 3.32 ± 1.08
A more sustainable approach to animal production 2.84 ± 1.19 Risks to you personally 3.23 ± 1.09
Increased consumer trust in food 2.81 ± 1.19 Risks to agriculture 3.21 ± 1.07
Improved human food quality 2.76 ± 1.24 Less professionally run farms 3.10 ± 1.10 ���
Improved consumer health 2.76 ± 1.23 Non-cost efficient production method 2.94 ± 1.10
Improved nutritional quality of food 2.71 ± 1.23 Less protection from predators 2.94 ± 1.10
Reduced incidence of animal diseases 2.69 ± 1.26 Decreased availability of animal based foods 2.82 ± 1.12
A natural production method 2.56 ± 1.33 Less protection from bad weather 2.80 ± 1.11
Reduced animal stress 2.47 ± 1.31 More expensive food of animal origin 2.77 ± 1.13
��� = p<0.002 Bonferroni adjusted p value, for Wilcoxon signed rank tests. Comparisons were made between each statement and the subsequent statement when
ranked by mean score.
https://doi.org/10.1371/journal.pone.0210432.t003
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resistance resulting from their use, including in relation to human and animal health. Respon-
dents from Spain and the UK were more accepting of the preventative use of veterinary drugs
in broiler chickens and pigs compared to respondents in Finland, Germany or Poland. Ger-
man respondents were less accepting of breeding for genetically disease-resistant pigs com-
pared to respondents in other countries (Table N of Appendix C in S1 File). Respondents in
Germany were also less accepting of the use of feed supplements for all animal types compared
to respondents in other countries, with Finnish respondents in addition less accepting of their
use for layers (Table M of Appendix C in S1 File).
Despite national differences, there were similarities in terms of the interventions that were,
and were not, perceived as being most acceptable. The most preferred interventions were pre-
ventive measures that involved changes to housing design, enhanced hygiene, reducing stocking
densities and provision of enrichment materials. These interventions were perceived to be more
natural and less invasive compared to the other proposed interventions.
In relation to the rationale behind respondents’ level of acceptability of the different inter-
ventions, significant differences were observed across the five countries for each of the inter-
ventions presented. There were some similarities across animal species and countries, with
medicine-based interventions being least preferred due to food safety concerns. The more
acceptable housing and hygiene-based interventions were perceived as being more humane
(Appendix D in S1 File).
Table 4. Risk and benefit perceptions of respondents in the five study countries regarding intensive pig production systems (mean response on a linear scale 1
(strongly disagree) to 5 (strongly agree) ± SD; n = 751).
Perceived as a benefit Perceived as a risk
More cost-efficient production method 3.66 ± 1.07 Increased animal stress 3.88 ± 1.10
Cheaper food of animal origin 3.65 ± 1.05 An unnatural production method 3.78 ± 1.10 ���
Increased availability of animal based products 3.56 ± 1.03 Increased incidence of animal diseases 3.61 ± 1.08
Greater protection from predators 3.42 ± 1.09 Reduced human food quality 3.56 ± 1.07
Greater protection from bad weather 3.41 ± 1.09 ��� Compromised FAW monitoring 3.55 ± 1.06
Benefits to agriculture 3.18 ± 1.14 Decreased consumer trust in food 3.51 ± 1.09
More professionally run farms 3.12 ± 1.17 Reduced nutritional quality of food 3.50 ± 1.07
Faster treatment of animal diseases 3.10 ± 1.20 Reduced human food safety 3.46 ± 1.08
Benefits to consumers 3.07 ± 1.17 Negative effects on consumer health 3.42 ± 1.08
Improved FAW monitoring 3.00 ± 1.25 An unsustainable approach to animal production 3.40 ± 1.05
Improved human food safety 2.99 ± 1.25 Risks to consumers 3.34 ± 1.10
Benefits to the environment 2.96 ± 1.17 Risks to your family 3.33 ± 1.11
A more sustainable approach to animal production 2.89 ± 1.24 Slower treatment of animal diseases 3.31 ± 1.08
Benefits to your family 2.89 ± 1.21 Risks to you personally 3.30 ± 1.01
Improved consumer health 2.87 ± 1.26 Risks to the environment 3.27 ± 1.02
Benefits to you personally 2.87 ± 1.22 Risks to agriculture 3.23 ± 1.04 ���
Improved human food quality 2.85 ± 1.29 Less professionally run farms 3.04 ± 1.10
Increased consumer trust in food 2.83 ± 1.25 Less protection from predators 2.91 ± 1.09
Reduced incidence of animal diseases 2.80 ± 1.28 Non-cost efficient production method 2.78 ± 1.11
Improved nutritional quality of food 2.80 ± 1.28 ��� Less protection from bad weather 2.78 ± 1.10
A natural production method 2.54 ± 1.34 More expensive food of animal origin 2.75 ± 1.12
Reduced animal stress 2.52 ± 1.32 Decreased availability of animal based foods 2.72 ± 1.08
��� = p<0.002 Bonferroni adjusted p value, for Wilcoxon signed rank tests. Comparisons were made between each statement and the subsequent statement when
ranked by mean score.
https://doi.org/10.1371/journal.pone.0210432.t004
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Table 5. Mean acceptability scores of interventions to control production diseases in broiler chickens (n = 789).
Intervention Mean Acceptability
Score
Enhanced hygiene to prevent diseases 4.19 ± 0.91
Housing that allows birds greater freedom to move 4.18 ± 0.98
Providing materials and an environment where birds can perform natural behaviours 4.15 ± 0.92
Reducing the number of chickens in a given area 4.12 ± 0.90
Improvements in housing design 4.10 ± 0.89
Enhanced maintenance of the quality of the bedding 4.04 ± 0.88
Housing that protects the birds from adverse natural conditions 4.00 ± 0.90
Enhanced control of air movement in chicken houses 3.94 ± 0.94
Providing farmers with a price premium that encourages enhanced animal health 3.94 ± 0.93���
Adjustments to feed composition 3.63 ± 0.97
Changes in the amount and time of light provision 3.56 ± 1.01
Adjustments in the quantity of feed available 3.45 ± 1.01
The use of vaccination 3.41 ± 0.99
Using antibiotics and medicines to treat sick birds 3.33 ± 1.05���
Use of feed supplements e.g. probiotics 3.12 ± 1.09���
The preventive use of veterinary drugs, including antibiotics 2.88 ± 1.17���
Doing nothing 2.12 ± 1.19
��� = p < 0.003 from pairwise Wilcoxon signed rank tests with -Bonferroni adjusted P value. Comparisons were
made between each intervention and the subsequent intervention when ranked by mean acceptability score.
https://doi.org/10.1371/journal.pone.0210432.t005
Table 6. Mean acceptability scores of interventions to control production diseases in laying hens (n = 790).
Intervention Mean Acceptability
Score
Enhanced hygiene and disease prevention measures 4.18 ± 0.86
Providing materials and an environment where birds can perform natural behaviours 4.16 ± 0.92
Housing that allows birds greater freedom to move 4.11 ± 0.99
Reducing the number of chickens in a given area 4.10 ± 0.94
Improvements in housing design 4.07 ± 0.90
Enhanced maintenance of the quality of the bedding 4.06 ± 0.88
Housing that protects the birds from adverse natural conditions 3.99 ± 0.92
Enhanced control of air movement in chicken houses 3.92 ± 0.92
Providing farmers with a price premium that encourages enhanced animal health 3.91 ± 0.96���
Adjustments to feed composition 3.65 ± 0.95
Changes in the amount and time of light provision 3.59 ± 1.02
Adjustments in the quantity of feed available 3.46 ± 0.96
The use of vaccination 3.45 ± 0.98
Using antibiotics and medicines to treat sick birds 3.34 ± 1.06
Use of feed supplements e.g. probiotics 3.19 ± 1.07
The preventive use of veterinary drugs, including antibiotics 3.17 ± 1.21���
Doing nothing 2.12 ± 1.21
��� = p < 0.003 from pairwise Wilcoxon signed rank tests with Bonferroni adjusted p value Comparisons were made
between each intervention and the subsequent intervention when ranked by mean acceptability score.
https://doi.org/10.1371/journal.pone.0210432.t006
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Of interest is the relatively low level of acceptability of interventions that would be key in
efforts to reduce the use of pharmaceuticals, particularly antimicrobials, in all countries. This
suggests potential misunderstanding amongst the general public of the true nature of interven-
tions to control production diseases involving the genetic improvement of animals, use of vac-
cination and use of feed supplements, including probiotics.
Identification of driving factors for behavioural intention
Full results of the exploratory factor analysis (EFA), including the items included within each
factor and the mean factor scores can be found in Tables O-T in S1 File (Appendix E in S1
File). The exploratory factor analysis for broilers, layers and pigs had KMO values of 0.945,
0.947 and 0.946 respectively, which are greater than the value of 0.5 which Kaiser [56]
describes as acceptable for factor analysis to proceed, with Bartlett’s test of sphericity produc-
ing significant results for all scales indicating that factor analysis was appropriate. Comparison
of the unrotated, orthogonal and oblique rotations for all scales led to the oblique factor rota-
tion being chosen for inclusion in the analysis, due to the correlations that were present
between most factors identified within each scale. 16, 17 and 15 factors were retained for broil-
ers, layers and pigs which explained 69.41%, 70.11% and 68.93% of the data respectively. Scale
reliability for all returned factors (latent variables) was good, being above the generally
accepted value of 0.7 for all factors, with the exception of factor 16 for broilers and factor 15
for layers, whereby Cronbach’s alpha scores of 0.62 and 0.67 (media) for the layers, broilers
and pigs surveys respectively. However, it has been noted that, for psychological variables, val-
ues below 0.7 can be expected [67], with reliability score values from 0.5 to 0.6 suggested as the
minimum acceptable level in these instances ([69], as cited in [70]). Therefore, all the factors
seem to be reliable.
The results of the EFA reflect those of the descriptive statistics, in relation to the types of
concerns, risks and benefits held and the type of interventions preferred, with interventions
Table 7. Mean acceptability scores of interventions to control production diseases in pigs (n = 751).
Intervention Mean Acceptability Score
Providing enrichment materials so pigs can perform natural behaviours 4.19 ± 0.88
Improvements in pigs’ diet composition 4.18 ± 0.88
Efficient monitoring of pigs and pig housing conditions 4.17 ± 0.87
Enhanced hygiene and disease prevention measures 4.16 ± 0.87
Enhanced control of air movement in pig houses 4.16 ± 0.87
Improvements in housing design 4.13 ± 0.89
Reducing the number of pigs in a given area 4.13 ± 0.91
Providing farmers with a price premium that encourages enhanced animal health 4.09 ± 0.92
Housing that protects the pigs from adverse natural conditions 3.96 ± 0.94
Adjustments in the quantity of pig feed available 3.85 ± 0.91���
The use of vaccination 3.52 ± 0.97
Using medicines and antibiotics to treat sick pigs 3.37 ± 1.02
Breeding for genetically tougher or more resilient pigs 3.26 ± 1.14
Use of feed supplements e.g. probiotics 3.18 ± 1.10���
The preventive use of veterinary drugs, including antibiotics 2.75 ± 1.18���
Doing nothing 2.36 ± 1.30
��� = p < 0.003 from pairwise Wilcoxon signed rank tests with Bonferroni adjusted p value. Comparisons were made
between each intervention and the subsequent intervention when ranked by mean acceptability score.
https://doi.org/10.1371/journal.pone.0210432.t007
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being grouped into factors based on similar concerns e.g. those to do with medicine. EFA
results led to the choice of five factors (latent variables) for inclusion in the SEM. These were
chosen in relation to their representativeness of the variables included in Fig 1, with the con-
cern factor containing a number of items in relation to production diseases.
Consequences of concerns and attitude on purchase intentions
The five variables included in each of the models are summarised in Table 8 along with a brief
description of the construct. The same model (Fig 1) was tested for each of the animal types
studied. Evaluation of the five-factor model for each animal type is summarised in Table 9 and
indicates average to good model fit. Table 10 summarises the direct effects for each animal
type.
All relationships were significant except between concern and perceived benefit for layer
hens and broilers, and for between concern and perceived risks for pigs. Although differences
existed between animal types, several similar trends were identified. Attitude had a large posi-
tive and significant effect on respondents’ behavioural intention to consume products derived
from all animal types, indicating that a positive attitude towards intensive animal production
systems leads to a greater intention to purchase products derived from them. Perceived risk
and general concern had a consistently negative effect on attitude across animal types, being
largest for broiler chickens, indicating that general concerns and perceived risks have a greater
effect on attitudes to purchase chicken meat. The concern-risk, and the concern-benefit rela-
tionships were a similar size across all three animal types, indicating a small effect of concern
on perceived benefits, and a moderate effect of concern on perceived risks. To summarise,
hypotheses H1 to H6 are supported by the model for pigs and broilers, although H3 is not sig-
nificant for broilers; H3 is also not supported for layer hens, with concern having a slight posi-
tive effect on perceived benefit, although this was non-significant.
Table 8. The five variables included in the structural equation modelling analysis.
Construct Description
Pro-
consumption
Pro-consumption behavioural intention of products from intensive animal production systems
Attitude Attitude towards intensive animal production systems
Perceived benefit Perceived benefits of intensive animal production systems
Perceived risk Perceived risks of intensive animal production systems
Concern Perceived concern over intensive animal production systems, including in relation to
production diseases
https://doi.org/10.1371/journal.pone.0210432.t008
Table 9. Goodness of fit statistics for the structural equation modelling for each animal type.
Layers
(n = 790)
Broilers
(n = 789)
Pigs
(n = 751)
X2 X2(479) = 1703.700, p = 0.000 X2 (335) = 1122.421, p = 0.000 X2 (721) = 2934.676, p = 0.000
TLI 0.93 0.941 0.904
CFI 0.937 0.948 0.911
SRMR 0.056 0.072 0.077
RMSEA� 0.057 (0.054, 0.060) 0.055 (0.051, 0.058) 0.063 (0.061, 0.065)
�Results are presented with 95% confidence intervals. TLI = Tucker-Lewis Index, CFI = Comparative fit index,
SRMR = Standardised root mean squared residual, RMSEA = Root mean squared error of approximation
https://doi.org/10.1371/journal.pone.0210432.t009
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Multi-group analysis by MSEM was conducted to establish the potential moderating effects
of country and Tables U-W in S1 File (Appendix F in S1 File) summarises the results of these
tests across the four models outlined in the ‘Data Analysis’ section above for each of the three
animal types. Results of the MSEM show significant differences between the baseline model
and the series of increasingly restricted models, with measurement invariance not being dem-
onstrated for models 2, 3 and 4. This means that the structure of the latent variables cannot be
said to be the same across countries and subsequently, models cannot be compared across
countries. This is unsurprising as cultural differences between each of the five countries could
lead to different prioritisation and consideration of concerns, risks and benefits.
Discussion
Public concerns
Three separate surveys were used to assess citizen attitudes towards, and concerns about,
intensive broiler chicken, layer hen and pig production systems, including perceptions of risks
and benefits and concerns about production diseases. The findings demonstrate that the public
perceive such intensive systems as having benefits, primarily “anthropocentric” benefits (i.e.
benefits to humans), such as reducing cost and increasing availability of animal-based prod-
ucts. They did however, express some concerns about these intensive production systems.
Indeed, the majority of respondents had a tendency to view these production systems unfa-
vourably on a number of dimensions, for example viewing them as unpleasant, bad, worthless,
useless, unsafe, and unethical rather than the opposite. This supports the findings of the most
recent Eurobarometer survey [18], where 82% of respondents believed that farm animals
should be better protected than they are currently. Given that a key part of the sustainability of
a system is its’ level of public acceptance [71], actions to increase acceptance of intensive sys-
tems will be required to strengthen this dimension of their sustainability.
A number of elevated risks were identified in relation to intensive production systems, with
the most agreement surrounding issues of animal stress, unnaturalness of the production
method, and livestock disease. Elevated perceptions of risk were also associated with prophy-
lactic antibiotic usage, antibiotic resistance, antibiotic residues and food safety. When asked
Table 10. Direct effects of the SEM model presented in Fig 1, for broilers, layer hens and pigs.
Layers
(n = 790)
Broilers
(n = 789)
Pigs
(n = 751)
Perceived benefit
Concern -0.014 0.002 -0.051�
Perceived risk
Concern 0.439��� 0.552��� 0.526
Attitude
Perceived risk -0.308��� -0.291��� -0.277���
Perceived benefit 0.468��� 0.303��� 0.336���
Concern -0.294��� -0.177��� -0.168���
Intention
Attitude 0.727��� 1.008��� 0.819���
R2 attitude 0.438 0.369 0.349
R2 intention 0.291 0.417 0.325
� p<0.05
���p<0.001
https://doi.org/10.1371/journal.pone.0210432.t010
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about their concerns in relation to animal health, similar concerns arose in relation to produc-
tion diseases in general and whether minimum welfare standards were being achieved in each
of the three production systems. These findings reflect consumer/ public concerns revealed in
a recent review [19], and the perceived risks identified in the survey. They also indicate that
the public cannot dissociate the risks to food safety and human health from animal health and
wellbeing in animal production systems, with production diseases in particular being per-
ceived to have negative consequences for food safety and quality.
Despite their concerns over FAW and intensive animal production, the public may have lit-
tle or no understanding of modern farming practices [24], and are unfamiliar with the norms
associated with FAW [33, 72]. The results of our survey confirm the lack of public knowledge
surrounding production diseases, with respondents having a general unfamiliarity with farm-
ing. This is unsurprising given that there is little communication about production diseases,
and interventions designed to mitigate these, made available to the public by most mainstream
media, outside of reporting of economically damaging notifiable infectious diseases, such as
foot and mouth disease [73] or avian influenza [74]. In light of this, attitudes towards and per-
ceptions of production diseases may be informed by knowledge and concerns about these
widely reported epidemic disease outbreaks. Care should, therefore, be taken when communi-
cating information about production diseases to clearly differentiate them from epidemic dis-
ease outbreaks, in order to enable the public to distinguish between the two. Moreover, our
results suggest that most consumers do not associate the food they consume with intensive
production systems, suggesting that public unfamiliarity with current production systems
leads them to believe that intensive production systems do not constitute the majority of Euro-
pean production capacity.
The use of antibiotics, and the related issue of antimicrobial resistance (AMR), were repeat-
edly identified as concerns both in relation to human and animal health, and intensive animal
production systems in general. Antibiotics, and the use of other veterinary medicines, have
obvious benefits to animal health [4]. However, the prophylactic use of antibiotics, including
their use as growth promoters, was identified as a concern, including in relation to AMR,
despite it being emphasised in the survey that this is banned in the EU. AMR represents a
transboundary risk insomuch that it does not respect, and can easily cross, international bor-
ders [75]. Given the prevalence of AMR globally, including in relation to key types of antibiot-
ics [76], it is imperative to address the concerns that the public, and consumers may hold, in
both communication and policy strategies.
Global considerations are particularly important when considering AMR, with the illegal
usage of antimicrobials occurring within both developed and developing countries e.g. Italy
and China [77, 78]. Three of the top five countries in terms of use of antimicrobials in animal
production systems were low or middle-income countries, indicating a shift towards more
intensive production systems within these regions [79]. International standards, and enforce-
ment of responsible practice is therefore required to ensure public trust and perceived safety,
of animal products especially from regions where antimicrobial usage is less regulated. In addi-
tion, as the areas where intensive animal production is increasing are also areas where little is
known about related consumer perceptions, it is important to explore public perceptions in
these countries.
Interventions preferred by the public to counter diseases
The most preferred interventions identified were proactive disease prevention measures, as
opposed to more reactive disease treatments. These prevention measures included changes to
housing design, increasing the floor space available for animals and enhanced hygiene.
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However, several types of prevention measures were not favoured by the citizens included in
the survey, i.e. those that depended on use of pharmaceutical products, i.e. vaccination or pro-
phylactic use of medicines. The use of probiotics and changes to feed composition were also
not preferred in poultry, which could be due to a lack of understanding or clarity as to exactly
what these interventions involve. For example, changes to feed composition could be con-
strued as feed denial, rather than changing nutrient balance, and probiotics could be construed
as a pharmaceutical intervention, or the feeding of products which are not natural to the ani-
mal’s diet. This highlights a need to provide sufficient information when explaining to the pub-
lic what these different management strategies involve. When ranked by mean scores
according to their acceptability, respondents to the broiler and laying hens, the results sug-
gested that the participants ranked these measures almost identically. Measures for pigs had a
slightly different acceptability ranking. In particular, feed-related measures were ranked sub-
stantially more favourably in pigs than in poultry, perhaps due to perceptions that pigs, being
natural scavengers, can thrive on a much wider range of foodstuffs. It was interesting to note
that there was relatively little difference in preference for the type of intervention measures
preferred across animal types.
The least preferred interventions related to factors identified by respondents as concerns
e.g. antibiotic usage, vaccination and feed supplementation in poultry. Although the latter two
were not among the highest ranked concerns, respondents were more accepting of more natu-
ral, or less invasive, strategies. They were preferred in relation to both food safety and humane
treatment reasons, again emphasising that the public cannot separate animal wellbeing from
human food safety. This further emphasises the need for effective communication and assur-
ance regarding methods to ensure the safety of the animal products.
The results of the survey highlight several concerns held by the public in relation to the
interventions used in intensive animal production systems, more specifically in relation to
more reactive interventions that were rated as unacceptable to respondents. This ties in with
the results of review of public attitudes towards animal welfare in the context of intensive ani-
mal production systems [19], which suggested that intensive animal production systems were
perceived to breach the concepts of good welfare, humane treatment and naturalness. In addi-
tion, the interventions that were least preferred were those that could also have implications
for public health, for example as a consequence of compromised food safety or increasing the
risk of AMR. This relates back to the priority concerns of consumers when making food
choices, and the dual perspectives of FAW, in that the benefits of these systems can be viewed
from both anthropocentric and zoocentric perspectives. This has implications for communica-
tion of the benefits needing to be tailored to consumers to accommodate these perspectives.
The concerns in relation to prophylactic antibiotic use identified in [19], were supported by
findings of the survey, and again showed that public concerns with FAW were related to con-
cerns about human health. It may be that respondent’s use “intensive production” as a heuris-
tic, or decision rule, to indicate that any further information regarding these production
systems and interventions will align with this initial decision and processed accordingly [80].
Intensive systems, as a term, may be interpreted and used as a cue for a number of perceived
negative consequences. It is important to acknowledge this within policy design and commu-
nication strategies, as failure to do so could result in decreased stakeholder trust and subse-
quent increase in concern and perceived risks.
The nature of the least acceptable interventions is consistent with previous research, which
has identified that the public are concerned about eating potentially contaminated meat, par-
ticularly after disease epidemics. For example, Breakwell [73] conducted focus groups after the
UK foot and mouth disease crisis of 2001. The results of this research suggested that there was
no indication that consumers would not consume meat from vaccinated animals, when
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vaccination was presented as an alternative to the culling strategy employed. However, Scuda-
more [81] reports that the consumers had some reservations about eating meat from animals
vaccinated against foot and mouth disease, and Zingg and Siegrist [41] also reported a reluc-
tance on the part of consumers to eat meat from animals vaccinated against an epidemic dis-
ease. Given the lack of public acceptability surrounding such interventions, their use should be
justified clearly when being discussed in communication with the public, or only be used
when the other proactive measures are not effective enough to ensure animal health and well-
being, or when the alternatives are not economically viable.
The intervention preferences identified in the survey align with those expressed in a consul-
tation of pig and poultry industry stakeholders [48], in which s stakeholder preference for
intervention measures such as biosecurity, improved ventilation, health monitoring and litter
quality was identified. The combined results suggest that communication needs to focus on
animal physical and psychological wellbeing. This is obviously the case for animal production
systems currently, but clearly there is a need to emphasise this to external stakeholders, such as
the public, who are not familiar with the current practices and standards used.
Identifying and understanding public attitudes and concerns in relation to intensive farm-
ing practices, will ensure that the processes and interventions align with the values, needs and
expectations of society [82]. Communicating the proactive management measures to mitigate
production diseases is, therefore, important to ensure that these, and the associated risk man-
agement procedures, align with societal preferences, and highlights the benefits of ongoing
societal discussions in building consumer trust through transparency [83]. Best practice exam-
ples of this include activities within the UK poultry sector to reduce the amount of antimicro-
bials used within production systems [84]. The proactive interventions preferred also
emphasise the key aspects of good FAW as identified by Clark et al [19], especially naturalness,
and the importance of housing-based interventions. Repetition of this theme across the per-
ceived risks, lack of benefits, identified concerns and preferred interventions, highlights the
need to ensure that production systems are perceived to address these concerns.
Trust
Despite the EU having some of the most stringent animal health and welfare regulations glob-
ally, most groups of stakeholders were not trusted by respondents to provide reliable informa-
tion about these systems, with respondents distrusting most supply chain stakeholders.
Organizations independent of the animal production process were viewed as more trustworthy
by respondents, but were still not trusted to provide information. These organisations included
animal health, welfare and consumer organisations, quality assurance schemes, and governing
bodies. This suggests that it is important to have independent, third-party stakeholders and
systems in place to provide assurance to both consumers and the wider public that the food
they consume is being produced to requisite standards. Collaborative messages provided
across stakeholder groups with different perceived vested interests may also promote trust.
This is of particular importance in the current case as welfare standards cannot be identified
from the product itself, i.e. FAW is a credence attribute [85]. Transparency, and communica-
tion, of how this independent assurance is guaranteed, and the subsequent results of the evalu-
ations of independence, is also important for maintaining public trust [83].
These findings also have implications for market-based solutions for ensuring the standards
of higher welfare products, such as certification schemes and associated labelling. Although
these offer guarantees, Lassoused and Hobbs [86] found that brands were not enough to
enhance consumer confidence in food safety alone. The findings from the consumer survey
support this, with the highest level of trust in stakeholders in relation to information provision
Consumers and production diseases
PLOS ONE | https://doi.org/10.1371/journal.pone.0210432 January 10, 2019 18 / 24
being those external to the food chain. External accreditation and assurance therefore poten-
tially act as guarantees, and a means of traceability and food standards for consumers, giving
them confidence in the product choices which they are making. This implies that co-ordinated
communications from the whole food system are needed to improve public confidence in food
supply.
The findings reflect several of the factors known to mediate perceived risks, namely in rela-
tion to naturalness, the perceived level of control individuals have over the concerns raised,
the unfamiliarity with the topic and the lack of consumer trust in the stakeholders involved. In
addition, the only experience respondents are likely to have had with animal disease is related
disease epidemics reported by the media, rather than production diseases, which may increase
their perceived risks and concerns. Actions to ensure that all supply chain actors are perceived
as trustworthy is therefore vital in ensuring that perceived risks and concerns are reduced.
Mechanisms for improving trust in the food industry include considering what is concerning
the public, and adopting intervention measures that are perceived to be more natural, and
being more proactive in communications. Thus these mediating factors should be considered
by stakeholders, including policy makers, with policy interventions designed either to enhance
use of interventions most trusted by the public as a means of increasing public trust in the
whole food system, or developing communication programmes to increase trust in interven-
tions not currently preferred, or both [36, 86]. This should also enable any public scepticism to
be addressed [87].
Limitations
A limitation of the online survey methodology used in our study is that it may disadvantage
some groups from participating, such as those in older age categories–these were in fact under-
represented across each of the study countries. In some countries, the proportion of respon-
dents with a university degree is fairly high and there is also some variation in terms of other
socio-demographic parameters. Although underrepresented groups could have been targeted
by other means, such as by face-to-face, or by telephone interviewing, this was not feasible in
this case due to resources limitations and differences which may arise because of different
methodologies being applied. Future research could also look to explore attitudes towards
other intensively farmed animals, such as dairy cows, to provide a comparison to the animals
investigated within this study.
As with all SEM analyses, there could exist multiple equivalent model solutions and this
could be the case here. In other disciplines, such as ecology, model averaging is used to reduce
the uncertainty surrounding model selection, and this is something that could be assessed
through additional analysis to this data set analysed here. In addition, measurement invariance
was not achieved in the MSEM across countries. Further analysis could be conducted to
explore these differences further. Despite this limitation, the model constructed was based on
theoretical and evidence-based decisions, and has reasonable goodness of fit statistics. In addi-
tion, the findings from the model were supported by the descriptive analysis of the results have
been interpreted more generally, to enable any uncertainty to be taken into consideration.
Conclusion
This research sought to explore the attitudes of the public in five EU countries towards inten-
sive animal production systems, production diseases and some associated mitigation strategies.
The results indicated that, while the public is largely unfamiliar with modern animal produc-
tion, they none-the-less perceive intensive production systems negatively. Various perceived
risks and benefits associated with intensive animal production were identified as being salient
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to attitude formation, and these are translated into concerns, primarily in relation to antibiotic
and medicine usage, together with the implications for animal and human health and food
safety.
More natural and proactive interventions to control production diseases were preferred
which primarily involved changes to housing, housing-related management and hygiene prac-
tices, with more reactive and medicine based interventions being least preferred, as they linked
into general health and welfare concerns associated with intensive livestock production. Con-
cerns, perceived risks and benefits were identified, and shown to be influential regarding atti-
tude formation, on attitudes and subsequent consumer behavioural intentions. Given this lack
of public awareness, coupled with elevated concern, stakeholders need to be more proactive in
terms of the information they are providing to the public.
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